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HPOTP Turbine Aerodynamic Design 

The High Pressure Oxidizer Turbopump (HPOTP) turbine aerodynamic design is 
based on the requirements defined by the Interface Control Document (ICD) and 
by the Power Balance Model, Table 387B. 
the turbine aerodynamic design because its turbine flow capacities are 
consistent with the baseline turbine nozzle flow test results conducted on 
Pratt 61 Whitney's test stand, E-6, in December, 1986. 

Performance Table 387B was used for 

A 3-stage turbine was selected over a 2-stage design for three basic 
reasons : 

1. To retain desired efficiency at the reduced pump speeds. 

2. To provide adequate performance margin with unshrouded blades. 

3. To ensure adequate margins for adjusting to cycle requirements. 

A conventional pressure-compounded, 3-stage design was chosen because of 
its inherent high efficiency with low aerodynamic risk. This aerodynamic 
advantage allowed the use of unshrouded blades. Unshrouded blades are 
desirable because they permit the use of PW1480 single-crystal mater,ial, which 
provides superior thermal fatigue characteristics, but at the present 
state-of-the-art, cannot be easily cast in the € o m  of shrouded blades in this 
small size. The turbine aerodynamic design provides relatively high velocity 
ratios, which are within the range of normal design practice and experience. 
Avoiding lower velocity ratios eliminates excessive gas turning, and the need 
for blades with excessively small leading edge radii. 
leading edges make the turbine intolerant at incidence angle changes resulting 
from off-design operation. Under such conditions, severe flow separation is 
common. 

Blades with sharp 

The methodology associated with the design of the HPOTP starts with the 
meanline design analysis. This analysis is based on the assumption that the 
flow through the turbine can be represented by the flow at the center of the 
flow passage. This simplified approach permits selection of the number of 
stages required, the mean diameter of the flow passage, and the annulus area. 
Included in the analysis is an estimate of the aerodynamic efficiency. 
prediction system uses the physical laws of aerodynamics and correlations from 
rig and engine data to estimate profile loss, secondary loss, blade tip 
leakage, and shock and incidence losses based on the geometry and aerodynamic 
parameters of the turbine. An interactive graphic flowpath design system is 
used, in conjunction with the optimum meanline design, to generate candidate 
flowpath configurations. 

This 

The streamline design analysis is used to optimize the radial variation in 
the velocity triangles, once the average conditions are selected from the 
meanline analysis. 
numerous radial locations and at the inlet and exit of each airfoil row. Once . 

the meanline and streamline analyses have been used to optimize the velocity 
triangles throughout the turbine, 2 dimensional (2-D) airfoil sections are 
designed. These airfoil sections are designed to achieve contours that provide 
the desired amount of flow turning without permitting the flow to separate from 

This analysis calculates the flow characteristics at 



the airfoil surface. 
distributions and boundary layer parameters along the airfoil surfaces and 
endwalls. 
adverse static pressure gradients such that the airfoil contour can be modified 
appropriately. 
locations, they are radially faired and combined with a preliminary endwall 
definition. 
and optimize the entire flowpath configuration. 

This process involves determining the static pressure 

An interactive graphics airfoil design system is used to identify 

After the 2-D airfoils are estimated at several spanwise 

An inviscid multi-stage 3-D flow analysis is  then used to refine 

All turbine airfoil, endwall, inlet, and exit flow passage surfaces are 
contoured and refined as a system. 
evaluation of potential changes to an individual surface contour during the 
design process. This assessment includes, not only flow property changes 
around the component being modified, but also around all upstream and 
downstream components in the complete turbine system. 
reduced risk result from this global optimization capability. 

The multi-stage feature enables a complete 

Improved performance and 

This report contains: 

o Hot elevation diagrams for each airfoil 

o 3-D airfoil plots 

o 2-D airfoil section plots 

o Tabulated 

o A plot of 

o A plot of 

0 A plot of 

airfoil section coordinates 

hot gaging dimensions versus radius 

percent change in flow area versus airfoil rotation 

stress versus span 

o 

o 

3-D airfoil static pressure distributions 

Airfoil Ps/PT and Mach number contours 

o A plot of suction surface boundary layer friction coefficient versus 
surface distance 
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PLUA COWTER ROTATION 

VANE BLADt 

ROTATION 

VIEW LOOKING RADLALLY IWARD 



v 
,-? 



\ 

.. . 
d. _e 

, _ c  2 

x\ 

5 
?J 

v 
Q 

I; n 

n 0 

-, 
n 

0 

U. 
c 

e 



I -  

- 

? -  

I 





I' 

,' 

I .  

I .  

c 



, 

I 

I ’  







r '  
I ,  
I '  . .  

i 

L , . .  

I 

, .  
. .  . 

'i 

? P a 0  

n n  

% %  

r %. 
? c  

- 1  I 

i 



0 

f 

E 
I 

Y 

!i 
E 0 

0 

14 

a q  33: 3 -- ? ? ?  
0 0 0  d d d  d 

i i d d d d d l  

o o o d o o O 1 

3 3 9 9  
o o o a  

lllh 

i!Ki 
? ? ? e  
o o o c  1 

!/oooc ? ? ? e  



. .  

I 

i '  

z P 3 p I x :  9 9 9  9 9 9 '  
0 0 0  0 0 0 '  i o o d o o o c  

C5f3 
F d N W  
*NN(Y 

1 1 1 1  
i d d d  

1 
'y 
? 

* 
9 

o o d o o o  o 
: g q a s g g s  . . . . . . . 
D O 0  000or( 

I '  



r 

I :  

,.-. 

! 

r .. 

... . 

yt .? 9 
O f t ?  

0 0 o q 0 0 0 '  0 0 0 q 0 0 0 '  

241 
3 m ;  
9 9 '  
P ? '  

I I ( Y 0 m l  

nmmmmmnhlnhl 
? 9 9 9.4 9 9 9 
s o o o o o o o  
I I I  1 1 1 1 I  

* d J h 3  D . a m u m r ( 3 S t  zeo 

I 



. "  

-... 

.. . 
! 
I ,  

I .  jji! hh ? ?  2 , 

'1 f 
? 
Ip 

SL 38 
? ?  ? ?  
P t  O 0  = l  i? 

Y 
k 

E 

5 & 

0 
flp 
d d  2 2  

0 0  -00 



:$$ 
? ? ?  
? ? ?  

r(U 

Hi 
I ??  1 

8 :  
f b  
? ?  
?t rqa t l t  

???  
?tt 

? ? ?  
5 0 0  

5 0 0  

!!sa 
4su! 
8 0 0  

f4 



i .,* : 
! :  
> '  

e 
'4 1' 

i f f opooo 
I I I I I  

P 
0 
? 
f 



P 
?! 
" 
0 

w 
r( 

8 
? 
N 
h 

(II 

I O 2  
-!i i: 

iifi ? ?  ? 

,,,g,,,gr,,: ? ? ?  ???!" 
0 0 0  0 0 0  o o o c  

0 0 '  
? ? ?  ??? '  
a t ?  nhlhl!  I I t 0 '  

I ,  

d d O O O d d  .I 
moo ooooloboo 
i c & d . 3: . . .  2 E 8 
; O d 0 0 0 0 0 0 0 0 d  
I I' 



I .  

I .  . .. . 

i 

T f )  

ii 
8 
? d  
8 0  

I 

g!pj 
0 0  0 0  

t 

d d i c  

. . .  
o o o c  

E 8 2 5  !O18 

I' 
:??? 
I O O d  



d 

U 

0 

f 
? 

? 

d d d c l .  0 0 0  . 0 0 0  . . . y d d ,  5 0 0  0 0 0 1  

h h h U  

* * O C  

O O O C  

2 g z i  
???'  d d i  Odd1 

a 
9 
T 

m 
d 

" P g l q x % , :  4 .  . . 
0 0 0 0 0 0 0 ~  
I 



: ' <. 
. .  



AT0 LOX t V  
WT TO COLD C M  RilON RAD11 

MI 1 COLD 
4.70000 4.6.570 

MU1 F L W  I ci4zmt CDLU FLU 
1 3  IN) CLOU AREA ($0 IN) 

-1.00000 3.71057 -18. .8Q46 
-:.50000 1.85655 -15.802:. 
-2 .OUVOU 4.00212 -1;. *-.ab - 1.50000 4.14726 -9 .45563 

-0.50000 4.43638 -3.14344 
! - 1.00000 4.29100 4 . 2 0 5 4 4  _. 

0.0 4.58016 0.0 4.57J14 

0.50000 4.711*6 1.1150. 
* . 8 . / 1 1  ..<.1'0 t::1:11 5.01000 9.3801 0 

~ . 0 0 0 0 0  5.15244 1 2 . 4 8 9 ~ 1  
..50000 5.2.449 15.59114 
a.uuuuu a.*a.b; I n .  011A3> 

1H09001 EELCul1OI TERMIMTIW D I E  TO ERROR COW1 foI ERROR 217 

I-LLA... - m u ' l ,  M I 6  CI u1 W L I  > 

RIQUQ( ROUTINE c*LLu) f R O l  1% REO. 14 REG. 15 REG. 0 REO. 1 

1- uuo.-t7L ouo :-r** ouoooooo 00081I%0 

:?Rm 0072 420220AO 000226DO 00066754 00020250 

I .  

,. .. 
-I" 

D m v  COIWI. 00020000 

. .  



........ . . .  . . . . . . . . . . . . . . . . . . .  . . .  --- . . . . . . . . .  - -.--__. 
:? .i . . : . I  

A T 0  LOX 2 V  
. :  

1 
I .  1 

I ;. 

- .. 
I -  

. -. 

N O M I N F l L  FLOW .F)REA -'. SQ. .IN.' . .  

. .  . . . .  
H O T  - -4.580 

.-... 

COLD - 4 . 5 7 3  

.- . .... - . . . . . . . . .  

. . . .  - - _- -. . . . . . . . .  

. . . .  . .  . . . . . . . . .  

.-- . . . .  - - ... ._. 

. .... . - .  . -. . .. -- 

. .  



i 

I 

. .  I 1 9  



9 9  
O O S  

113 

0 0 0  

? ?  

. .  
0 0  

. .  

. .  
0 0  

d d  
8 3  
9 9  
0 0  

d d  

SA 
I' 



i 

1 1  

. . .  

d d d  

d d d  

I '  



0' 1 S '0 08.0 SL'O 



. .  

I 

\ :  

! :  . _  a 
C .- 
n c  
' 0  
Z L I  
r-UI 

00' 1 SC 
. . . , . . . , . , . . . . . . . .  
0 06'0 s 

l d / s d :  



I .  

) '  

, .  

.. .~ 

.. - 

! 

. .  
1 
! 

, .  

t to  
I- =a 

, . . ' . . . I .  

0 



0' 1 S6'0 0 



! ,  . 

i 
I.  

f 
j 

a 




